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Abstract. Recently, quasi-periodic propagating disturbances have been detected frequently in different
structures of the solar corona. These propagating disturbances are interpreted as slow magnetoacoustic
waves. They may be responsible for longitudinal intensity oscillations in coronal structures. The purpose of
this study is to investigate the features of propagating disturbances in two different types of coronal loop
structures of active regions with and without sunspots. In addition, the observational findings of this study are
compared with theoretical predictions. Two categories of corona loop structures with and without sunspots
are selected using Atmospheric Imaging Assembly (AIA) and Helioseismic and Magnetic Imager onboard
the Solar Dynamics Observatory (SDO) space telescope. From each of these two types of coronal loop
structures, several successive image data on 171 Å (Fe IX) passband with a time distance of 12 s are taken
using AIA/SDO. The time series of intensities of successive macropixels on different paths along the active
regions coronal loop structures are analyzed. Then, physical quantities such as apparent velocity, apparent
damping length, damping time, and damping quality of propagating disturbances are investigated. The
results of this analysis show that the magnitude values of the oscillation period, apparent velocity, apparent
damping length, damping time, and damping quality of these extracted propagating disturbances are in the
range of 7–35 min, 72–241 km s1 , 17.5–82 Mm, 1.14–11.27 min, and 0.10–0.50, respectively. The calculated physical quantities for the active region loops with and without sunspots correspond to the predictions of the theoretical model. However, the periodicity dependence of some physical quantities of open
coronal loop structures of active regions without a sunspot is not consistent with the predictions of theoretical
models and the current linear magnetohydrodynamics wave theory.
Keywords. Sun-corona—Sun-active region—Sun-longitudinal intensity oscillations.

1. Introduction
Magnetohydrodynamic (MHD) waves in coronal
structures are considered to be an important tool for
probing the structures and physical parameters of solar
corona. Magnetized coronal structures can support
three basic types of MHD waves (or oscillations),
namely slow magnetoacoustic waves, fast magnetoacoustic waves, and Alfvén waves. In coronal loop
structures, there are typically four main types of MHD
modes (i.e., kink, sausage, longitudinal, and torsional),
which are driven by different restoring forces. These
modes have been identified in the coronal structures

using space instruments and telescopes such as Yohkoh, Solar and Heliospheric Observatory, Transition
Region and Coronal Explorer, Hinode, Solar Terrestrial Relations Observatory, Solar Dynamics Observatory (SDO), etc.
The kink mode (kink oscillation) of a coronal loop
is a current-driven plasma instability that is characterized by the transverse displacements of the loop
axis without a change in the characteristics of the
coronal loop plasma.
Both standing and propagating transverse kink
(asymmetric) oscillations have been observed in
coronal loops. For example, standing kink modes were
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detected for the first time in the active region loops
with TRACE (Aschwanden et al. 1999; Nakariakov
et al. 1999). On the other hand, propagating kink
modes in the coronal loops were revealed for the first
time with ground-based optical observations by Coronal Multi-channel Polarimeter (Tomczyk et al. 2007;
Tomczyk & McIntosh 2009). The implosion of coronal loops inside solar coronal active regions following
high-energy events such as solar flares was studied by
Sarkar et al. (2017). By tracking magnetic field lines
over time, they demonstrated various observed features of a post-flare corona loop system and described
the fundamental and higher harmonics of kink modes.
Several excitation mechanisms such as the flare generated blast wave, periodic driving from a coronal
wave, low coronal eruptions, etc. have been proposed
for the excitation of kink mode oscillations
(McLaughlin & Ofman 2008; Nakariakov et al. 2009;
Selwa et al. 2010; Russell et al. 2015; Zimovets &
Nakariakov 2015). In the same way, a number of
damping mechanisms have been suggested for kink
oscillations where resonant absorption and phase
mixing are currently popular (Aschwanden
et al. 2003; Verth et al. 2010). Recently, the main
characteristics of kink oscillations have been studied
using high temporal taken from each of the active
solar coronal telescopes and spectral instruments
(O’Shea et al. 2007; Aschwanden et al. 2011; White
et al. 2012; Srivastava et al. 2013; Guo et al. 2015;
Goddard et al. 2016; Tiwari et al. 2019).
The sausage mode (sausage oscillation) of a coronal
loop plasma is a current-driven plasma instability
characterized by the transverse oscillations of coronal
loop cross-sections. In the sausage oscillation, the
coronal loop cross-sections oscillate symmetrically
around the central axis of coronal loop structures.
Newly, both standing and propagating transverse sausage (symmetric) oscillations have been detected in
solar corona structures. Standing fast sausage modes
were first identified in the radioheliograph observations of flaring coronal loops (Nakajima 1994; Asai
et al. 2001; Nakariakov et al. 2003). The observational evidence of sausage-pinch instability evolving
in an eruptive flux tube from an active region was
observed with Atmospheric Imaging Assembly (AIA)/
SDO (Srivastava et al. 2013). The standing sausage
mode oscillations often have periods of a few seconds
to a few minutes for coronal loops (Nakariakov
et al. 2003; Srivastava et al. 2008; Tian et al. 2016).
Various damping mechanisms have been proposed for
sausage waves where the resonant absorption has been
proven to be more effective than the other mechanisms
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(Mandal et al. 2016). In the same way, the signatures
of both slow and fast sausage modes have already been
identified and studied in coronal structures (Erdélyi &
Taroyan 2008; Inglis et al. 2008; Fujimura et al. 2009;
Grant et al. 2015; Chowdhury et al. 2015; Kolotkov
et al. 2015; Sijie Yu et al. 2016).
Another type of transverse (torsional) oscillations is
Alfvén waves derived by magnetic field tension.
These waves propagate along their magnetic field
lines with Alfvén speed. For the first time, Cirtain
et al. (2007) reported some pieces of evidence for
Alfvén waves in solar X-ray jets through the Hinode
X-ray Telescope observations of polar coronal hole
jets. The long-period (126–700 s) torsional Alfvén
waves at thin spicular-type structures in the chromosphere were first identified through a ground-based
Swedish Solar Telescope (Jess et al. 2009). Alfvén
waves can propagate long distance and deposit a huge
amount of energy and momentum from the photosphere to the solar corona. Moreover, they are
potential candidates for heating the solar corona and
producing fast solar wind (De Pontieu et al. 2007;
Morton et al. 2011, 2015; Thurgood et al. 2014;
Srivastava et al. 2017). In this vein, torsional Alfvén
waves also have been detected and investigated in
various structures of the solar atmosphere (Zaqarashvili et al. 2003; Erdélyi & Fedun 2007; Ofman &
Wang 2008; Keiling 2009; McIntosh et al. 2011;
Mathioudakis et al. 2013).
Longitudinal magnetoacoustic waves are driven by
restoring forces of plasma pressure and magnetic
pressure. Magnetoacoustic (standing or propagating)
waves have been frequently identified in different
structures of the solar corona. Similarly, standing
slow-mode loop oscillations were revealed in the polar
plume structures with Solar Ultraviolent Measurements of Emitted Radiations (SUMER) onboard the
SOHO (Wang et al. 2002, 2003). The slow modes
were initially observed in a hot extreme ultraviolet
(EUV) coronal loop with an EUV Imaging Spectrometer onboard Hinode spacecraft (Srivastava &
Dwivedi 2010). Moreover, the first direct observations
of slow magnetoacoustic oscillations in microwave
emission were made by Kim et al. (2012). Propagating
slow magnetoacoustic waves were detected in polar
plumes with an Ultraviolet Coronagraph Spectrometer
and an EUV Imaging Telescope (EIT) onboard the
SOHO (Deforest & Gorman
1998; Ofman
et al. 1999). Also, propagating slow waves were
detected in coronal loops with SOHO/EIT (Berghmans
& Clette 1999). On the other hand, propagating fast
magnetoacoustic wave trains were observed along an
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active region coronal loop during a full solar eclipse by
Williams et al. (2001). Flare-induced fast magnetoacoustic waves along faint funnel-like were discovered
with SDO/AIA (Liu et al. 2010, 2011). Yuan
et al. (2016) proposed that a finite-lifetime transient
could trigger quasi-periodic disturbances in the solar
atmosphere. Using a mathematical model for a finite
lifetime and random occurrence of transients, they
came to the understanding that quasi-periodic disturbances with a period longer than the time scale of
transients are intrinsically detectable in the form of
trains. Moreover, due to the filtering effect of the
chromospheric cavity, only the resonance period of the
acoustic resonator could propagate to the upper
atmosphere. They claimed that such a scenario could
also be applied to slow magnetoacoustic waves in the
sunspots and active regions. During the past few years,
the quasi-period oscillations of light intensity with low
amplitude and long oscillation periods have been
observed a lot in different structures of solar corona
using space telescopes (Ofman et al. 2000; McEwan &
De Moortel 2006; De Moortel et al. 2009; Kiddie
et al. 2012; Abedini 2016). The magnetoacoustic
waves that may be responsible for the longitudinal
oscillations of the intensity and heating of solar corona
are useful for measuring the physical quantities of solar
corona structures using coronal seismology (Wang
et al. 2009; Marsh et al. 2009; Van Doorsselaere
et al. 2011; Abedini 2018). The observed period of the
oscillation and damping times of slow magnetoacoustic waves range from about a few minutes to
10 min (De forest et al. 1998; Ofman & Wang 2002;
Wang et al. 2011; Krishna Parasad et al. 2014). The
observed phase speed of slow waves also fluctuates
from a few kilometers per second to several hundred
kilometers per second, and their damping lengths are
about a few megameters to several ten megameters
(Wang et al. 2011; Abedini 2016; Sudip Mandal
et al. 2018). Some physical mechanisms such as
thermal conductivity, compressive viscosity, optically
thin radiation, gravitational stratification, divergence
of magnetic field, etc. can make magnetoacoustic
waves damped. The impact of these damping mechanisms has been studied by a large number of authors
(De Mootel et al. 2004; Sigalotti et al. 2007; Abedini
& Safari 2011; Abedini et al. 2012; Krishna Parasad
et al. 2014).
There is much evidence for propagating slow
magnetoacoustic waves along fan-type loop structures. The fan-type loops associated with sunspots
usually display propagating slow magnetoacoustic
waves with a periodicity on the order of 3 min (Marsh
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& Walsh 2006; Reznikova et al. 2012; Jess
et al. 2012; Krishna Parasad et al. 2015). The amplitude of these propagating waves decreases rapidly as
the waves propagate along fan-type loops. They
eventually disappeared by physical processes such as
thermal conduction and compressive viscosity (De
Moortel & Hood 2003; Krishna Parasad et al.
2014, 2015). In this regard, Jess et al. (2012), for the
first time, revealed how the 3-min propagation of
magnetoacoustic waves along fan-type loop structures
directly resulted from amplitude enhancements
occurring in photospheric umbral dots. Similarly,
Krishna Parasad et al. (2015) studied the temporal
variations of amplitude as the waves propagated
through different layers of the solar atmosphere.
Comparing an amplitude modulation period in different layers, they found that slow magnetoacoustic
waves were observed in the fan-type loop structures
with sunspots. They concluded that these waves were
externally driven by photospheric p-modes. Sharma
et al. (2020) investigated the intensity of propagating
disturbances in an active region fan-loop system,
which is rooted in a sunspot umbra with SDO/AIA
observations. They determined the nature of the
intensity disturbances as slow magnetoacoustic waves
by measuring their phase speeds. So, they argued that
the phase speeds of these disturbances are subsonic.
Recent studies have shown that chromospheric
reconnection processes may contribute to coronal
heating by generating magnetoacoustic shock waves
or up flows of heated plasma. The propagation of
shock waves is faster than the local speed of sound or
magnetosonic in the medium. Although the signatures
of shock waves have been frequently reported in the
chromosphere, there is little direct evidence of shock
waves in various parts of the chromosphere. For
example, direct and adequate evidence of the shock
wave nature for sunspot oscillations in the transition
region and the chromosphere was observed by Tian
et al. (2014) using an Interface Region Imaging
Spectrograph (IRIS). They found a positive correlation between the maximum velocity and deceleration
of shock waves. The first observational evidence of
Alfvén waves heating chromospheric plasma in a
sunspot umbra through the formation of shock fronts
was presented by Grant et al. (2018). Furthermore,
pseudo-shocks around a sunspot one magnitude of
energy order higher than slow shock waves were
observed with IRIS by Srivastava et al. (2018). They
demonstrated the role of pseudo-shocks in carrying
sufficient amounts of energy and transporting substantial amounts of mass above an active region.
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In recent years, the frequency dependence of the
physical quantities of magnetoacoustic waves has
been considered theoretically and observationally
(Krishna Parasad et al. 2014; Abedini 2016; Mandal
et al. 2018). The frequency dependence of the
damping lengths of slow waves on-disk loop structures and the plume/interplume structures has been
investigated by Krishna Parasad et al. (2014) and
Mandal et al. (2018). They reported that the apparent
damping lengths were reduced with increasing oscillation periods in the area of the on-disk loop structures. In contrast, in the polar plume/interplume
structures, the apparent damping lengths experienced
a decrease as a result of an increase in the oscillation
periods.
In this paper, the features and periodicity dependence of physical quantities of slow acoustic waves
for two different types of coronal loop structures of
active regions with and without a sunspot are evaluated. It is carried out based on the analysis of a series
of consecutive images taken from each of the active
regions with a cadence of 12 s in the 171 Å passband.
The results of this analysis show that the phase speeds
decrease and the damping times increase with
increasing oscillation periods in both types of coronal
loop structures. According to the predictions of theoretical models, the damping length and damping
quality of the loop structures associated with sunspots
increase with increasing oscillation periods. However,
the damping length and damping quality of the openloop structures without the visible sunspots on the
respective magnetogram are reduced with increasing
oscillation periods. Consequently, these observed
results cannot be viewed as the predictions of the

current linear MHD wave theory and many prior
studies. The outline of this paper has been arranged as
follows: Section 2 describes the observations. Section 3 deals with data analysis. Section 4 attempts to
calculate the physical quantities of slow magnetoacoustic waves and their dependence on oscillation
periods. Section 5 presents the theoretical considerations. Finally, discussions and conclusions are
presented in Section 5.1.

2. Observations
As mentioned in the introduction, slow magnetoacoustic waves are observed in different solar corona
structures, such as active region coronal loop structures. For this purpose, 10 active regions containing
coronal loop structures were selected using SDO/AIA
and SDO/Helioseismic and Magnetic Imager (HMI).
The characteristics of these selected active regions are
listed in Table 1. Some of these coronal loop structures are associated with sunspots, whereas the other
ones are not. Using the AIA instrument onboard the
SDO satellite, about 350 consecutive images were
taken from each of the active regions with a cadence
of 12 s in the 171 Å passband.
The initial images of telescopes should be necessarily corrected and calibrated before the data of these
images can be used. The images used here are at level
1.5. In other words, hot pixel, bad pixel/cosmic ray,
flat fielding, co-aligned, and vignette have been corrected from the original raw images. By the same
token, the images have been rescaled to a plate scale
of 0.6 arcsec/pixel. Then, they have been rotated in

Table 1. Characteristics of active regions selected using HMI/SDO and SDO/
AIA images at 171 Å passband.
Active region number
Active regions without a sunspot
AR:NOAA12322
AR:SPoCA18144
AR:SPoCA19836
AR:SPoCA19913
AR:SPoCA20451
AR:SPoCA20808
Active regions with sunspots
AR:NOAA12367
AR:NOAA12414
AR:SPoCA17096
AR:NOAA20429

Date:
yy-mm-dd

Time range
analysis (UT)

2015-04-12
2015-11-24
2016-09-05
2016-09-17
2017-02-10
2017-04-29

21:00:38-22:10:38
21:00:25-22:10:25
05:00:25-06:10:25
02:20:24-03:30:36
05:00:00-06:10:24
04:30:24-05:40:36

2015-06-17
2015-09-12
2015-06-24
2017-01-30

03:00:12-04:10:36
10:10:36-11:20:48
01:37:00-02:47:58
15:59:24-17:12:36
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Figure 1. Left panels: Snapshots of coronal loop structures of AR:NOAA12336 (with sunspots), at 171 Å (SDO/AIA)
(panel (a)), continuum HMI intensity image (panel (b)) and magnetogram (panel (c)) (HMI/SDO) on 2015 June 17,
03:00:12 UT. The locations of different selected paths (green lines) along the coronal loop structures of both active regions
are marked with red rectangles. Right panels: Snapshots of the coronal loop structures of AR:NOAA12322 (without a
sunspot), at 171 Å (SDO/AIA) (panel (d)), continuum HMI intensity image (panel (e)) and magnetogram image (panel (f))
(HMI/SDO) on 2015 April 12, 21:00:38 UT.

such a way that the north of the sun is up in them.
Also, the defect caused by the differential rotation has
been corrected in the images. For example, a snapshot
of coronal loop structures of AR:NOAA12367 (Figure 1a) and AR:NOAA12322 (Figure 1(d)) observed
with SDO/AIA 171 Å, on June 17, 2015, 03:00:12
universal time (UT) and April 12, 2015, 21:00:38 UT,
are shown in the top row of Figure 1, respectively.
Besides, the continuum HMI intensity (Figures 1b and
e) and magnetogram images (Figures 1c and f) of
these active regions taken by SDO/HMI are displayed
in the middle and bottom row of Figure 1, respectively. The locations of different selected paths (green
lines) situated along the coronal loop structures are
also marked with red rectangles in the left and right
panels of Figure 1. Figures 1(b) and (e) show two
different types of coronal loop structures, out of which
AR:NOAA12367 (Figure 1b) is seen to be associated
with a sunspot. However, the other active region,
AR:NOAA12322 (Figure 1e), does not show evidence
of a sunspot in the magnetogram.

3. Data analysis
At this stage, the features of the intensity propagation
along coronal loop structures are investigated. To this
end, the time series of intensities are extracted from
the successive macropixels with 3  3 pixels wide on
about 56 different paths. These paths are selected
along the coronal loop structures of active regions
with and without a sunspot. Figure 1 depicts two
coronal
loop
structures,
out
of
which
AR:NOAA12367 (left panel) is seen to be associated
with a sunspot. The other active region,
AR:NOAA12322 (right panel), does not show evidence of a sunspot in the HMI intensity image or
magnetogram. Also, the locations of different selected
paths along coronal loop structures are marked with
green lines. Background subtraction is required to find
the oscillations out of the intensity time-series data.
Here, by following Yuan & Nakariakov (2012) a
background intensity is reduced from the time sires
of intensities. To detect magnetoacoustic waves and
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their dependent physical quantities, the backgroundsubtracted time series of intensities are analyzed.
Various factors, such as the application of various
filters to the signal, may create noise. There are
various algorithms for the identification and elimination of these noises. Here, the Lomb–Scargle
algorithm is used to differentiate the real and
stable frequencies from the unrealistic and unstable frequencies of the noise in spectral power densities. The Lomb–Scargle algorithm is actually a
modified version of discrete Fourier transform algorithm and is considered as a well-known tool in the
frequency analysis of unequally spaced data points in
time series (Scargle 1982; VanderPlas 2018). For
instance, in the top row of Figure 2, the original time
series of intensity (left panel) and the backgroundsubtracted time series of intensity (right panel) for
the eighth macropixel of the path number one from
the right panel of Figure 1 are plotted based on time.
In this regard, in the bottom row, Lomb–Scargle
power spectral density (left panel) and the true
probabilities of the osillation periods (right panel) are
displayed for the background-subtracted time series
of intensity using the Lomb–Scargle algorithm. Here,
in terms of certainty, the oscillation periods corresponding to probabilities with values \0:1 are
assumed to be unrealistic.

4. Calculation of physical quantities of slow
magnetoacoustic waves and their dependence
on oscillation period
In this section, the extraction method of physical
quantities and their dependence on periodicity are
presented. To calculate the physical quantities and
their dependence on frequency, the dominant real
frequencies in Lomb–Scargle periodogram are selected by multiplying the Fourier transform of time-series
data with a Gaussian function. Then, the time-distance
maps of these filtered intensities are plotted by
applying the inverse Fourier transforms. For example,
the time-distance maps of filtered intensities obtained
from the macropixel along the four paths (L1 –L4 )
specified in the right panel of Figure 1 are shown in
Figure 3 for some dominant oscillation periods. Quasiperiodic intensity features are observed to propagate
upward along the loop’s magnetic structure, which has
also been reported earlier (Sych et al. 2014, 2016). To
obtain the apparent phase speeds of magnetoacoustic
waves, linear functions are fitted (blue lines) to the
points with maximum upward displacements (red
stars) in time-distance maps. Moreover, the gradients
of the lines in each panel are used to estimate the
average phase speed along the paths at a particular
oscillation period. Also, the estimated average values
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Figure 2. In the top row, the original time series of intensity (left panel) and the background-subtracted time series of
intensity (right panel) for the eighth macropixel of path number one of AR:NOAA12322 (without sunspot) are plotted
based on time. In the bottom row, the power spectral density (left panel) and the true probabilities of the oscillation periods
(right panel) for the background-subtracted time series of intensity are displayed using Lomb–Scargle algorithm.
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Figure 3. An example of time-distance maps of filtered, subtracted-background and normalized intensities of each
macropixel along the coronal loops for the four paths (L1 –L4 ) specified in Figure 1 (right panel) for some dominant
oscillation periods in the spectral power densities. In these maps, the quasi-periodic features of the intensities are seen
clearly. To obtain the apparent phase speeds of distributions, the linear functions are fitted (blue lines) to the points with
maximum upward displacements (red stars) and the gradients of the lines in each panel are used to the estimate average
phase speed along the paths at a particular oscillation period. Also, estimated average values of phase speeds are written
above the panels.

of phase speeds are written above the panels. For
example, in the first row of Figure 5, the average
values of phase speeds are plotted as functions of
oscillation periods for the coronal loop structures of
AR:NOAA12322 (right panel) without a sunspot and
AR:12367 (left panel) with sunspots, respectively.
Also, in Figures 7 and 8, the average values of phase
speeds are plotted for two types of coronal loop
structures of the active regions without and with
sunspots, respectively. In the third column of Table 2,
the average, minimum, and maximum values of phase
speeds for the dominant period of oscillations are
written with regard to different paths of the two
active regions, namely AR:NOAA12322 and
AR:NOAA12367. In the same line, in the third column of Tables 4 and 5, these physical quantities are
written for different paths of eight selected active
regions out of the 10 selected active regions. These
results show that the average values of phase speeds of
slow waves are 72–241 km s1 . The magnitude values
of phase speeds decrease with increasing oscillation
periods for two types of coronal loop structures of the
active regions.
To estimate the dependence of the damping lengths
on periodicity, the normalized amplitude decay profiles of filtered intensities (AðsÞ=Amax ) along the

coronal loop structures are fitted with an exponential
function of the form
AðsÞ ¼ a0 expðcd sÞ þ c0 ;

ð1Þ

where a0 and c0 represent the arbitrary constants, and
cd is the damping length coefficient. In Figure 4, the
normalized amplitude decay profiles AðsÞ=Amax for the
four paths (L1 –L4 ) specified in the right panel of
Figure 1 are displayed as a function of the projected
distance for some dominant oscillation periods in a
Lomb–Scargle power spectrum. For example, in the
second row of Figure 5, the average values of damping lengths are plotted as functions of oscillation
periods for the coronal loop structures of
AR:NOAA12322 (right panel) without a sunspot and
AR:NOAA12367 (left panel) with sunspots, respectively. In Figures 9 and 10, the average values of
damping lengths are plotted as functions of oscillation
periods for two types of coronal loop structures of the
active regions without and with a sunspot, respectively. In the same way, in these figures, the data
(black diamond) are fitted with a linear function (red
line) and the estimated parameters are written above
the panels.
In the second column of Table 2, the average,
minimum and maximum values of damping lengths
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Table 2. Averages and ranges of physical parameters, such as oscillation period (P), projected damping length (Ld ),
projected propagation speeds (cs ), damping time (sd ), and damping quality (Dp ¼ sd =P) of slow waves along the coronal
loop structures of AR:NOAA12322 (without sunspot) and AR:NOAA12367 (with sunspots) observed with SDO/AIA
171 Å passband.
P ðminÞ

Ld ðMmÞ

cs ðkm s1 Þ

sd ðminÞ

Dp ¼ sd =P

AR:NOAA12322, 2015-04-12, 21:00:38–22:10:38
27.78 ± 4.03
17.51(10.04,21.00)
91.08(79.08,100.67)
20.83 ± 2.27
15.36(8.44,19.21)
105.52(97.66,121.25)
16.67 ± 1.45
12.60(10.34,16.34)
130.80(120.31,139.25)
13.89 ± 1.01
16.15(12.39,19.90)
131.07(122.86,139.29)
11.90 ± 0.74
18.20(14.58,21.83)
191.82(183.05,200.60)
10.42 ± 0.57
24.16(19.84,28.48)
191.20(181.88,200.52)
7.58 ± 0.30
24.30(16.44,32.15)
192.06(190.66,193.45)

3.25(1.81,4.43)
2.41(1.44,3.15)
1.61(1.24,2.05)
2.09(1.48,2.70)
1.57(1.33,1.81)
2.13(1.65,2.61)
2.10(1.44,2.77)

0.12(0.07,0.16)
0.12(0.07,0.15)
0.10(0.07,0.12 )
0.15(0.11,0.19)
0.13(0.11,0.15)
0.20(0.16,0.25)
0.28(0.19,0.37)

AR:NOAA12367, 2015-06-17, 03:00:12-04:10:36
25.00 ± 3.93
48.33(27.42,67.51)
113.42(83.85,136.66)
18.75 ± 2.24
46.72(28.55,65.25)
140.82(108.3,173.92)
15.00 ± 1.44
38.58(30.93,44.28)
142.05(114.50,183.44)
12.50 ± 1.00
26.77(15.34,35.79)
211.14(159.56,342.65)
10.70 ± 0.73
28.32(24.37,37.28)
219.86(200.11,239.60)

6.96(5.45,9.40)
5.59(3.39,7.12)
4.65(4.02,5.90)
2.39(1.17,3.74)
2.10(2.04,2.62)

0.28(0.20,0.34)
0.27(0.17,0.34)
0.27(0.25,0.35)
0.17(0.08,0.27)
0.19(0.17,0.22)

Figure 4. Typical examples of the normalized amplitude decay profiles AðsÞ=Amax as a function of the projected distance
for the four paths (L1 –L4 ) specified in Figure 1 (right panel) for some dominant oscillation periods in the spectral power
densities. The data (blue stars) are fitted by an exponential function (red lines) and the fit parameters are displayed above
the panels.

are written for different paths along the coronal loop
structures of AR:NOAA12322 and AR:NOAA12367.
Furthermore, in the second column of Tables 4 and 5,

these values of damping lengths are written for different paths of the eight active regions out of the 10
selected active regions. These results show that the
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Figure 5. The projected phase speed (cs ) (first row), projected damping length (Ld ) (second row), damping time (sd )
(third row), and damping quality (Dp ¼ sd =P) (fourth row) of propagating disturbances along the coronal loop structures of
AR:NOAA12322 (without sunspot) and AR:NOAA12367 (with sunspot) are plotted as a function of oscillation periods in
the right and left panels, respectively. The data (black diamond) are fitted with a linear function (red line) and the fit
parameters are written above the panels.

damping length values of slow magnetoacoustic
waves are 17.5–82 Mm. The average values of
damping lengths along the coronal loop structures of
the active regions with sunspots increase with oscillation periods (see Figures 5 and 10). In contrast, an
inverse relation holds for the structures without the
visible sunspots (see Figures 5 and 9) on the respective magnetogram. Hence, the periodicity dependence
of the damping lengths of open-loop structures without sunspots are not consistent with the prediction of
the current linear MHD wave theory.
The magnitude values of phase speeds and
damping lengths, which have been calculated in the
previous sections, are apparent. In other words, their
values depend on the angle between the satellite line
of sight and the direction of the wave propagation.
Therefore, quantities such as damping time and
damping quality whose values are not dependent on
line of sight should be necessarily calculated.

Accordingly, damping time (sd ¼ Ld =cs ) and damping quality (Dp ¼ sd =P) are calculated and the results
are compared with the predictions of theoretical
models. For example, in the third and fourth rows of
Figure 5, the average values of damping times and
damping qualities are plotted according to the
oscillation periods for the coronal loop structures of
AR:NOAA12322 (right panel) without a sunspot and
AR:NOAA12367 (left panel) with sunspots, respectively. In Figures 11 and 12, the average values of
damping times as a function of oscillation periods
are displayed for different paths along the loops of
the eight selected active regions without and with a
sunspot, respectively. Also, in Figures 13 and 14, the
average values of damping qualities are plotted as a
function of oscillation periods for different paths
along the coronal loop structures of the eight active
regions without and with a sunspot, respectively. In
these figures, the observed data (black diamond) are
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Figure 6. Theoretical estimated damping times (min) (top row) and damping qualities (bottom row) as a function of
dimensionless electron number density ðlogðne =n0 Þ; n0 ¼ 1010 m3 Þ, and temperature (T=T0 ; T0 ¼ 1 MK) plotted for a
number of oscillation periods P ¼ 5; 10; 20; 20; and 30 min.
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Figure 7. The average phase speeds of propagating disturbances along the open coronal loop structures of the six active
regions without a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a
linear function (red line) and the fit parameters are written above the panels.

fitted with a linear function (red line) and the estimated parameters are written above the panels. In
Table 2, the average, minimum and maximum values

of damping times and damping qualities for the
dominant period of oscillations are written for different paths of the two active regions
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Figure 8. The average phase speed of propagating disturbances along the open coronal loop structures of the four active
regions with a sunspot is plotted as a function of period of oscillations. The data (black diamond) are fitted with a linear
function (red line) and the fit parameters are written above the panels.
Table 3. Period dependence of projected damping length (Ld / PaLd ), phase speed (cs / Pacs ), damping time (sd / Pasd )
and damping quality (Dp / PaDP ) of slow waves along the coronal loop structures of active regions (with and without
sunspot) observed with SDO/AIA 171 Å passband.
AR number

a Ld

a cs

as d

aD p

Period dependence of physical qualities of slow waves along the active region coronal loops (without sunspot)
AR:NOAA12322
-0.34(-0.71,-0.01)
0:66ð0:93; 0:38Þ
0.30(0.00,0.85)
0:69ð1:24; 0:14Þ
AR:SPoCA18144
-0.32(-0.65,-0.02)
0:63ð0:88;0:39Þ
0.29(0.15,0.73)
0:70ð1:15;0:26Þ
AR:SPoCA19836
-0.55(-1.09,-0.03)
1:09ð1:50;0:69Þ
0.62(0.02,1.23)
0:37ð0:98; 0:13Þ
AR:SPoCA 19913
-0.49(-1.10,-0.01)
0:75ð1:19;0:31Þ
0.34(0.01,0.92)
-0.65(-1.24,-0.07)
AR:SPoCA20451
-0.13(-0.18,-0.09)
0:94ð1:40;0:49Þ
0.81(0.31,1.32)
0:18ð0:68; 0:18Þ
AR:SPoCA20808
-0.15(-0.26,-0.06)
0:73ð0:98;0:48Þ
0.62(0.28,0.97)
0:37ð0:71;0:02Þ
Average values
-0.33(-1.11,-0.01)
0:80ð1:50;0:31Þ
0.50(0.00,1.32)
0:49ð1:24;0:18Þ
Period dependence of physical qualities of slow waves along the active region coronal loops (with sunspot)
AR:NOAA12367
0.75(0.01,1.54)
1:13ð1:61;0:62Þ
1.86(0.79,2.23)
0:86ð0:12;0:93Þ
AR:NOAA12414
0.30(0.05,0.35)
0:78ð0:92;0:63Þ
1.01(0.80,1.21)
0.23(0.01,0.46)
AR:SPoCA17096
0.30(0.22,0.38)
0:71ð0:87;0:55Þ
1.10(0.98,1.22)
0:17ð0:05;0:41Þ
AR:NOAA20429
0.84(0.61,1.07)
0:82ð1:06;0:59Þ
1.73(1.35,2.10)
0.73(0.35,1.10)
Average values
0.55(-0.02,1.54)
0:86ð1:61;0:55Þ
1.43(0.79,2.23)
0:50ð0:12;1:10Þ

AR:NOAA12322 and AR:NOAA12367. Furthermore, in Tables 4 and 5, the average, minimum and
maximum values of damping times and damping
qualities for the dominant oscillation periods are
written for different paths of the eighth active
regions. These results demonstrate that the magnitude values of damping times and damping qualities
of slow magnetoacoustic waves are in the range of
1.14–11.27 min and 0.10–0.50 min, respectively. It
can be observed that the average values of damping
times for two types of the coronal loop structures of

the active regions increase with increasing oscillation
periods (see Figures 5, 11 and 12). Similar to the
damping lengths, the average values pertaining to the
damping qualities of the coronal loop structures with
sunspots increase with oscillation periods (see Figures 5 and 14). In contrast, an inverse relation holds
for the open coronal loop structures without sunspots
(see Figures 5 and 13).
In Table 3, the period dependence of projected
damping length Ld / PaLd , phase speed (cs / Pacs ),
damping time (sd / Pasd ) and damping quality
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Table 4. Averages and ranges of physical parameters, such as the period of oscillation (P), projected damping length (Ld ),
projected propagation speeds (cs ), damping time (sd ), and damping quality (Dp ¼ sd =P) of slow waves along the open
coronal loop structures of the five selected active regions (without sunspot) observed with SDO/AIA 171 Å passband.
P ðminÞ

Ld ðMmÞ

cs ðkm s1 Þ

sd ðminÞ

Dp ¼ sd =P

AR:SPoCA18144, 2015-11-24, 21:00:25–22:10:25
30.85 ± 4.47
70.70(56.22,95.17)
184.46(131.93,198.99)
23.13 ± 2.52
60.09(50.94,103.08)
190.08(176.96,226.98)
18.50 ± 1.61
57.94(50.30,70.55)
209.41(187.28,240.39)
15.42 ± 1.11
82.00(57.04,110.97)
219.22(204.43,250.00)
11.76 ± 0.63
81.90(59.42,95.37)
227.70(214.96,289.45)

6.70(5.91,11.50)
4.89(3.41,6.96)
4.58(2.70,6.44)
6.23(2.85,9.01)
5.90(3.16,6.53)

0.28(0.20,0.40)
0.29(0.17,0.36)
0.25(0.17,0.33)
0.42(0.20,0.65)
0.50(0.35,0.68)

AR:SPoCA19836, 2016-09-05, 05:00:25–06:10:25
24.45 ± 3.55
22.97(15.61,26.02)
72.22(48.86,83.16)
18.33 ± 2.00
24.01(22.44,26.14)
101.43(61.83,143.73)
14.67 ± 1.28
22.41(20.46,26.00)
150.54(131.6,182.57)
12.23 ± 0.88
37.30(37.30,37.30)
208.04(208.04,208.04)
9.17 ± 0.50
29.82(28.20,31.43)
202.42(181.49,223.34)
7.33 ± 0.32
40.02(39.05,50.80)
236.63(268.03,288.67)

5.63(3.7,8.88)
4.52(2.74,7.04)
2.55(1.90,3.16)
3.00(3.00,3.00)
2.47(2.34,2.59)
2.81(2.61,3.07)

0.21(0.13,0.32)
0.22(0.13,0.34)
0.15(0.12,0.19)
0.22(0.14,0.25)
0.23(0.22,0.25)
0.34(0.26,0.36)

AR:SPoCA19913, 2016-9-17, 02:20:24–03:30:36
29.72 ± 4.31
50.05(22.52,82.16)
22.30 ± 2.43
50.75(44.39,75.13)
17.84 ± 1.55
47.90(47.84,55.97)
14.86 ± 1.08
51.96(23.02,76.05)
11.12 ± 0.61
56.06(24.26,77.45)
8.71 ± 0.39
60.43(28.54,146.55)

128.66(104.50,149.17)
127.02(125.00,129.03)
119.84(110.84,129.08)
144.13(125.86,159.53)
209.10(196.63,221.57)
241.31(223.37,288.30)

6.99(2.63,11.61)
6.61(6.02,10.02)
6.67(6.27,7.83)
6.00(3.00,9.09)
3.94(2.05,5.82)
4.20(1.60,8.27)

0.25(0.09,0.42)
0.30(0.24,0.48)
0.40(0.39,0.46)
0.40(0.22,0.65)
0.38(0.20,0.56)
0.46(0.30,0.99)

AR:SPoCA20451, 2017-2-10, 05:00:00–06:10:24
23.61 ± 3.43
46.11(44.81,54.80)
17.73 ± 1.93
46.83(44.49,49.18)
11.81 ± 0.86
49.69(48.69,50.67)
8.760 ± 0.47
51.61(44.98,55.38)

113.10(99.22,126.98)
164.70(155.53,173.8)
235.69(226.36,277.01)
237.70(226.06,285.75)

6.88(6.23,7.53)
4.75(4.72,4.77)
3.50(2.77,3.86)
3.60(2.61,4.87)

0.25(0.22,0.27)
0.23(0.22,0.24)
0.29(0.20,0.32)
0.40(0.35,0.51)

AR:SPoCA20808, 2017-4-29, 04:30:24–05:40:36
32.01 ± 4.63
21.00(15.33,24.82)
23.93 ± 2.61
21.65(17.62,26.35)
19.17 ± 1.67
21.83(18.71,24.93)
15.99 ± 1.16
23.97(22.95,25.00)
10.66 ± 0.52
23.15(20.68,24.54)
9.55 ± 0.41
20.69(19.54,29.51)

119.83(92.62,196.53)
144.57(101.19,218.89)
183.32(176.96,189.68)
167.12(154.17,180.06)
230.21(210.23,255.20)
236.76(232.8,291.01)

3.15(2.09,4.33)
2.61(1.91,3.30)
2.00(1.64,2.35)
2.39(2.31,2.48)
1.70(1.25,2.02)
1.57(1.21,1.94)

0.12(0.08,0.16)
0.13(0.09,0.16)
0.12(0.10,0.14)
0.17(0.17,0.18)
0.16(0.14,0.17)
0.18(0.14,0.26)

(Dp / PaDp ) of selected active regions of the coronal
loop structures (without and with a sunspot) are listed.
It can be observed that the average values of aLd , acs ,
asd and aDp pertaining to the selected active regions of
the coronal loop structures without a sunspot are equal
to 0:33, 0:80, 0.50, and 0:49, respectively. Also,
these values for coronal loop structures with sunspots
are equal to 0.55, 0:86, 1.43, and 0.50, respectively.
In general, the results show that the values of physical
quantities are placed within the range of the previous
findings (Marsh et al. 2003; Kiddie et al. 2012; Yuan
& Nakariakov 2012; Threlfall et al. 2013; Krishna
Prasad et al. 2014; Sych et al. 2014; Yuan et al.

2016). However, the behaviors of damping lengths
and damping qualities are not consistent with the
previous findings and the predictions of theoretical
models.

5. Theoretical considerations
Theoretical studies reveal that slow magnetoacoustic
waves are damped by factors such as thermal conduction, radiation, compressive viscosity, gravitational stratification, and magnetic field convergence.
In this section, the theoretical dependence of physical
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Table 5. Averages and ranges of physical parameters, such as period of oscillation (P), projected damping length (Ld ),
projected propagation speeds (cs ), damping time (sd ), and damping quality ðDp ¼ sd =P) of slow waves along the coronal
loop structures of three selected active regions (with a sunspot) observed with SDO/AIA 171 Å passband.
P ðminÞ

cs ðkm s1 Þ

Ld ðMmÞ

sd ðminÞ

Dp ¼ sd =P

AR:NOAA12414, 2015-09-12, 10:10:36–11:20:48
30.58 ± 4.43
27.35(21.41,30.89)
120.04(111.42,161.06)
22.91 ± 2.50
24.72(19.49,29.67)
142.17(125.17,154.19)
18.34 ± 1.61
20.05(18.75,20.10)
170.88(165.90,173.88)
15.29 ± 1.11
22.00(20.57,22.46)
213.35(200.45,218.35)
11.47 ± 0.64
18.12(16.95,22.41)
224.22(204.20,274.23)

3.80(2.00,4.08)
2.89(2.21,3.31)
2.00(1.82,2.50)
1.71(1.68,1.85)
1.28(1.01,1.36)

0.13(0.08,0.15)
0.13(0.09,0.14)
0.12(0.10,0.14)
0.11(0.10,0.13)
0.11(0.09,0.12)

AR:SPoCA17096, 2015-06-24, 01:37:00–02:47:58
24.72 ± 3.58
22.87(19.41,25.29)
136.24(111.42,161.06)
18.53 ± 2.02
20.72(19.55,20.72)
152.17(142.17,162.17)
14.84 ± 1.30
20.05(18.23,21.35)
170.88(160.18,179.88)
12.36 ± 0.91
19.92(18.10,22.00)
200.35(195.05,223.35)
10.60 ± 0.51
16.12(15.52,19.49)
218.22(208.02,246.20)

3.16(2.00,3.78)
2.30(2.15,2.41)
1.95(1.82,2.09)
1.50(1.42,1.81)
1.14(1.07,1.27)

0.16(0.12,0.17)
0.13(0.10,0.13)
0.13(0.12,0.14)
0.11(0.09,0.13)
0.10(0.09,0.012)

AR:SPoCA20429, 2017-01-30, 15:59:24–17:12:36
25.84 ± 3.73
54.20(35.06,90.04)
80.14(71.71,89.61)
19.37 ± 2.11
49.44(33.37,71.42)
119.90(86.41,153.16)
15.56 ± 1.37
36.15(25.36,52.23)
128.96(86.92,186.40)
12.90 ± 0.94
33.06(24.67,48.61)
140.83(117.17,183.93)
11.07 ± 0.69
24.79(23.50,27.37)
187.77(167.65,196.66)
9.69 ± 0.53
23.80(22.36,25.48)
173.95(162.95,184.75)

11.27(6.53,17.75)
7.71(4.63,13.78)
5.50(2.76,10.01)
4.24(2.24,6.92)
2.20(2.17,2.34)
2.28(2.16,2.41)

0.40(0.23,0.64)
0.36(0.22,0.66)
0.33(0.17,0.60)
0.30(0.16,0.49)
0.18(0.17,0.21)
0.22(0.20,0.25)

2.2
a = -0.34(-0.71,-0.01)
b =1.65(1.22, 2.09)
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Figure 9. The average values of damping lengths of slow waves along the open coronal loop structures of the six active
regions without a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a
linear function (red line) and the fit parameters are written above the panels.

quantities on the periodicity of slow waves along the
coronal loops are examined. Therefore, the coronal
loop structures are assumed to be a homogeneous

plasma medium with a uniform magnetic field along
the coronal loop structures. The equilibrium values of
temperature, density, and pressure of the coronal loop
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Figure 10. The average values of damping lengths of slow waves along the open coronal loop structures of the four active
regions with a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a linear
function (red line) and the fit parameters are written above the panels. It can be seen that the damping lengths increase with
increasing period of oscillations.

Figure 11. The average values of damping times of slow waves along the open coronal loop structures of the six active
regions without a sunspot are plotted as function of period of oscillations. The data (black diamond) are fitted with a linear
function (red line) and the estimated parameters are written above the panels.

structures are assumed to be constant. The effects of
thermal conduction, compressive viscosity, and optically thin radiation dissipation mechanism are considered. Also, the initial material flow is neglected
(v0 ¼ 0). Considering a stretched coordinate in the
coronal loop structures direction along the z-axis, the
corresponding MHD equations are as follows:
oq
o
¼  ðqvÞ;
ot
oz

ð2Þ

q

ov
ov
op 4 o2 v
þ qv ¼  þ g0 2 ;
ot
oz
oz 3 oz

ð3Þ
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op
ov
o
oT
þ v ¼ cp þ ðc  1Þ
jjj
ot
oz
oz
oz
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p ¼ 2ne kB T ¼

2q
kB T:
mp

ð4Þ
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Figure 12. The average values of damping times of slow waves along the open coronal loop structures of the four active
regions with a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a linear
function (red line) and the estimated parameters are written above the panels.

Figure 13. The average values of damping qualities of slow waves along the open coronal loop structures of the six active
regions without a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a
linear function (red line) and the estimated parameters are written above the panels.

Here,


o
oT0
jjj
Ec ¼
;
oz
oz

 2
4
ov
;
Eg ¼ g0
3
oz

Er ¼ vn2e T0a

are the heating or cooling rate of thermal conduction,
compressive viscosity and optically tin radiation per
unit volume, respectively (Sigalotti et al. 2007), jjj ¼
5

5

1011 T0 2 W m1 K1 and g0 ¼ 1017 T0 2 kg m1 s1
represent the coefficient of the thermal conduction and
compressive viscosity, respectively. In addition, v and

a are the constants, which are dependent on plasma
temperature (Hildner 1974). The other parameters
are: v, velocity; p, pressure; T, temperature; q, density;
ne , electron number density; kB , Boltzmann constant;
and mp , proton mass. The H0 ¼ q20 vT0a is a constant and
an unknown coronal heating term without contributing
to the linearized perturbation equations (De Moortel &
Hood 2004). Equations (3)–(5) are linearized under
the first-order approximation, and it is also assumed
that all the disturbances terms are exp iðkz  xtÞ.
Combining linearized MHD equations in the presence
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Figure 14. The average values of damping qualities of slow waves along the open coronal loop structures of the four
active regions with a sunspot are plotted as a function of period of oscillations. The data (black diamond) are fitted with a
linear function (red line) and the estimated parameters are written above the panels.

of damping mechanisms leads to the following dispersion relation:
"
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In this dispersion relation, x is considered to be real
and wave number is assumed to be imaginary
k ¼ kr þ iki . As a result, the damping length is equal
to the inverse of the imaginary part of wave number
Ld;est ¼ 1=ki . Also, phase speed (cs;est ¼ x=kr ),
damping time (sd;est ¼ kr =ðxki Þ), and damping quality
(Dp;est ¼ sd;est =P) are calculated and plotted as a
function of electron number density and temperature.
In Figure 6, the theoretical estimated damping times
sd;est (top row) and damping qualities Dp;est (bottom
row) as a function of the dimensionless electron
number density ðlogðne =n0 Þ; n0 ¼ 1010 m3 Þ and temperature (T=T0 ; T0 ¼ 1 MK) are plotted for a number
of oscillation periods ðP ¼ 5; 10; 20; 20; and
30 min). It can be seen that the values of physical
quantities in an oscillation period are completely
dependent on the electron number density and temperature of the active region coronal loops. Similarly,
comparing the observational estimated damping times
and damping qualities with the results of the

theoretical models shows that the range of electron
number density is 1014.5–1015.5 m3 when temperature
lies in the range of 0.5–1.5 MK (see Figure 6).

6. Discussions and conclusions
In this paper, the features and periodicity dependence
of quasi-periodic disturbances for two different types
of the coronal loop structures of active regions with
and without a sunspot have been investigated based on
the data analysis of SDO/AIA. The results of this
analysis are briefly summarized as follows:
• The time-distance maps of filtered intensity time
series in the dominant real frequencies clearly
show that the quasi-periodic intensity features
are propagated upwardly along the loop’s magnetic structure, which has also been reported
earlier (Sych et al. 2014, 2016; Sharma
et al. 2020). Also, in these maps, the quasiperiod oscillations are more distinct compared
to the previous findings (see Figure 3).
• The range of oscillation period, apparent phase
speed, apparent damping length, damping time,
and damping quality of these extracted slow
waves are 7–35 min, 72–241 km s1 , 17.5–82
Mm, 1.14–11.27 min, and 0.10–0.50, respectively. Accordingly, comparing the observational estimated damping times and damping
qualities with the results of theoretical models
maintains that the range of electron number
density is 1014.5–1015.5 m3 for the temperature
range of 0.5–1.5 MK (see Figure 6). The
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•

•

•

•

•

magnitude values and ranges of these physical
quantities are in agreement with prior findings
(Marsh et al. 2003; De Moortel et al. 2004,
2009; Kiddie et al. 2012; Yuan & Nakariakov
2012; Threlfall et al. 2013; Sych et al. 2014;
Yuan et al. 2014, 2016; Abedin 2016; Mandal
et al. 2018; Sharma et al. 2020).
The average values of projected phase speeds of
slow waves decrease with oscillation periods for
the two types of coronal loop structures (see
Figures 5, 7 and 8, and Tables 2, 4 and 5).
The average values of damping times increase
with oscillation periods for the structures with
and without sunspots (see Figures 5, 11 and 12,
and Tables 2, 4 and 5).
The behavior of the damping length and damping
quality of quasi-periodic disturbances is distinctly
different for the two types of coronal loop structures
considered here. Structures with sunspots demonstrate projected damping lengths and damping
qualities increase with oscillation periods (see
Figures 5, 10 and 14, and Tables 2 and 5). In
contrast, an inverse relation holds for the structures
without the visible sunspots (see Figures 5, 9 and 13
and Tables 2 and 4) on the respective magnetogram.
By considering the projected damping length
(Ld / PaLd ), projected phase speed (cs / Pacs ),
damping times (sd / Pasd ), and damping quality
(Dp / PaDp ) as a function of period of oscillation,
the average values of aLd , acs , asd , and aDp of the
selected active regions coronal loop structures
without a sunspot (with a sunspot) are obtained
equal to 0:33; 0:80; 0:50, and 0:49 ð0:55;
0:86; 1:43, and 0.50), respectively (Table 3).
Finally, these results indicate that the periodicity
dependence of physical damping lengths and
damping qualities of open-loop structures of active
regions without the visible sunspots on the respective magnetogram are not consistent with the
predictions of the current linear MHD wave theory
and the previous findings. This may be due to the
difference in the physical characteristics, dissipation mechanisms, and physical conditions of two
types of active region coronal loops. Moreover, this
can also be attributed to the linearization of MHD
equations or other unknown factors.
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